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The sperm in vitro binding assay in homologous oocytes can be used to estimate the boar
fertility potential, but its usefulness may be limited by laboratorial structure and oocytes
availability. This study aimed at determining the effect of distinct methods of oocytes
conditioning and incubation media for the in vitro penetration (IVP) test. Oocytes used in
the IVP test were: fresh and conditioned in PBS (T1); cooled and conditioned in PBS at
5 1C for 48 h (T2); or stored in ovaries frozen at 20 1C (T3). For each treatment, two
incubation media were tested at 39 1C for 6 h: modiﬁed TRIS buffer medium (mTBM); or
Beltsville Thawing Solution (BTS) extender. The responses of interest were: IVP and
polyspermy rates; and the number of penetrating spermatozoa per oocyte. All responses
observed with incubation in BTS were inferior to those observed with incubation in
mTBM (Po0.0001). When incubation was done in mTBM, none of the responses differed
across treatments (P40.05). However, when incubation was in BTS, all the three
responses were superior for T1 than for T2 and T3 (Po0.05). Thus, the IVP test may be
conducted with ovaries either cooled or recovered from frozen ovaries with results
similar to those observed with fresh oocytes, if incubation is done in mTBM.
& 2013 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Assays that evaluate some stages of the fertilization
process in vitro, such as sperm binding to the zona
pellucida (Fazeli et al., 1995; Ivanova and Mollova,
1993) and in vitro fertilization (Martinez et al., 1993;
Pela´ez et al., 2006; Selle´s et al., 2003; Xu et al., 1998) havede de Veterina´ria,
a´rio Cap~ao do Le~ao,
5 9004.
ini).
lsevier OA license.been used to estimate potential boar fertility. Other such
assays evaluates the in vitro penetration (IVP) of swine
oocytes by either homologous or heterologous spermato-
zoa (Corcini et al., 2012a; Gadea et al., 1998; Mata´s et al.,
1996). The IVP test detected reduction in the penetrating
capacity of boar sperm in swine oocytes only after 24 h of
storage, although sperm quality was considered accepta-
ble after 72 h of storage, according to conventional eva-
luation methods (Macedo et al., 2006). However, the IVP
test is sensitive to individual variation among the boars
used as sperm donors (Macedo et al., 2010; Popwell and
Flowers, 2004).
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recovered oocytes and standard CO2 sperm co-incubation.
However, this generates logistic and ﬁnancial constraints
that limit the application of such assay in routine condi-
tions, especially due to difﬁculties related to short-term
oocytes preservation. Eventually, CO2 incubators may be
replaced by alternative incubation systems (Corcini et al.,
2012a; Macedo et al., 2006, 2010) and vitriﬁed oocytes
can be used instead of fresh oocytes (Macedo et al., 2006,
2010). Nevertheless, the zona pellucida of vitriﬁed
oocytes may be altered, becoming non-penetrable by
spermatozoa (Lynham and Harrison, 1998). Thus, testing
alternative methods of preserving oocytes for IVP assay
would be justiﬁable. Cooling oocytes at 5 1C for up to 7
days may enable fertilization and pronucleus formation,
as observed for mouse oocytes in contact with homo-
logous spermatozoa (Tsuchiya et al., 2001). Additionally,
bovine oocytes recovered from frozen ovaries can be
penetrated in vitro by bull spermatozoa, but their IVP
rates were lower than those observed for fresh oocytes
in vitro matured (Tatemoto et al., 1994). However, cooled
swine oocytes and oocytes obtained from frozen ovaries
were not yet tested for use in IVP tests.
The modiﬁed TRIS buffer medium (mTBM) has been
successfully used as the incubation medium for IVP of boar
spermatozoa in homologous oocytes (Abeydeera and Day,
1997). Nonetheless, mTBM requires pH adjustment to
7.0 before the IVP test and also includes some chemicals
commonly unavailable in artiﬁcial insemination (AI) studs.
Thus, using the Beltsville Thawing Solution (BTS) (Pursel
and Johnson, 1975) as the incubation medium may con-
tribute to make the IVP test more feasible and cost-
effective because BTS is the most commonly used exten-
der for swine sperm cooled at 15–18 1C and is available in
most swine AI studs.
This study evaluated the IVP of boar spermatozoa in
homologous oocytes that were either fresh, cooled or
recovered from frozen ovaries, testing mTBM and BTS as
incubation media.
2. Materials and methods
Unless stated otherwise, all chemicals were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). All solu-
tions were prepared using Milli-Q Synthesis System
ultrapure water (Millipore, Bedford, MA, USA).
Sperm donors were sexually mature boars which were
under routine semen collection in a commercial AI stud.
Over 14 weeks, ejaculates from four boars (e.g., A, B, C and
D) were collected each week through the gloved hand
method, in plastic bags with a disposable ﬁlter within a
plastic bottle. Immediately after collection, the ejaculates
were extended in BTS (Pursel and Johnson, 1975) and the
sperm concentration was adjusted to 3.5109 spermato-
zoa in 100 ml, using a Neubauer chamber. Sperm samples
were cooled at 17 1C and transported to the ReproPel
laboratory for further processing, which occurred only for
ejaculates presenting sperm motility of at least 70% and
normal sperm morphology of at least 85%. All those
evaluations were conducted by the same trained techni-
cian, using phase contrast microscopy. Thereafter, withinan interval of at most 12 h after collection, ejaculates
were combined in six distinct pooled samples. Each
sample included sperm from two of the four boars, so
sperm from each boar was present in three samples (e.g.,
A–B, A–C, A–D, B–C, B–D and C–D). After 2 weeks, the
boars used as sperm donors were replaced by other four
boars, but the composition of the pooled sperm samples
followed the same structure. Therefore, after 14 weeks, 56
ejaculates from 28 boars were processed, totaling 84
pooled ejaculates.
Oocytes harvested from prepubertal gilts slaughtered
in a local abattoir were transported to the ReproPel
laboratory, within 60 min, in a saline/gentamicin solution
(40 mg/ml) at 30 1C. The oocytes were allocated to three
treatments: fresh oocytes, collected in the same day of the
IVP test (T1); oocytes collected 48 h prior to the IVP test
and stored at 5 1C in PBS (Nutricell, Campinas-SP, Brazil)
(T2); and oocytes collected prior to the IVP test from
ovaries frozen at 20 1C for 48 h (T3).
Subsequently, 3–6 mm follicles were aspirated using a
18G 1/½00 needle attached to a 10 ml syringe. The aspirate
was placed into 15 ml tubes, the contents allowed to settle
during 30 min and the sediment was placed into a 35 mm
Petri dish. The oocytes having cumulus cell masses and zona
pellucida were selected using stereomicroscopy and the
cumulus oophorus cells were mechanically removed with a
200 mL micropipette. Twenty oocytes were allocated to each
sperm pool, within each treatment, representing a total of
10,800 oocytes (1800 per treatment).
The IVP test was conducted following the protocol
described by Abeydeera and Day (1997), with modiﬁca-
tions. Two fertilization media were tested: mTBM and
BTS. Both media received the inclusion of: 0.4% BSA;
2.5 mM caffeine; and 1.1 mg/mL of calcium lactate, to
promote sperm capacitation. Spermatozoa were centri-
fuged at 900 g for 3 min and re-suspended in the
fecundation media. The sperm concentration used in
fertilization drop was 1106/mL, as determined with a
Neubauer chamber. The gametes were incubated in water
bath at 39 1C for 6 h. Then, the oocytes were recovered,
washed and stained with 10 mg/mL Hoechst 33342 to be
evaluated in an epiﬂuorescent microscope (Olympus BX 51)
at 400 . Oocytes were considered penetrated when their
zona pellucida contained one or more spermatozoa,
which might have elongated and swollen heads (Ivanova
and Mollova, 1993). The IVP and polyspermy rates and the
number of spermatozoa per oocyte were determined as
described elsewhere (Macedo et al., 2006, 2010).
The effects of combinations of treatments and incuba-
tion media on the number of spermatozoa per oocyte
were tested using the Kruskal–Wallis analysis of variance
for non parametric data, whereas the effects on the IVP
and polyspermy rates were tested using logistic regres-
sion. All statistical analyses were conducted with
Statistixs (2008, Florida, USA).
3. Results
The total IVP rate observed in this study was 70.7%.
The total polyspermy rate was 43.4%, with 1.872.0
spermatozoa per oocyte.
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(Table 1) and the number of spermatozoa per oocyte
(Fig. 1) were inferior to those observed with incubation
in mTBM for all treatments (Po0.0001). The IVP and
polyspermy rates observed with mTBM were greater than
80% and 70%, respectively, whereas both rates were at
least 10% points lower with BTS.
When incubation was done in mTBM, the IVP and
polyspermy rates (Table 1) and for the number of sper-
matozoa per oocyte (Fig. 1) were similar (P40.05). However,
with incubation in BTS, the IVP rate for T1 was greater
than for both T2 and T3 (Po0.001) by nearly 15% points
(Table 1). Likewise, in the BTS medium, the polyspermy
rate for T1 was nearly 10% points greater (Po0.0001)
than for both T2 and T3 (Table 1). The number of
spermatozoa per oocyte was almost twice greater in T1
than with both T2 and T3 (Po0.0001), when incubation
occurred in BTS (Fig. 1). Considering all responses, no
differences were observed between T2 and T3 (P40.05).
4. Discussion
This is the ﬁrst study using swine oocytes that were either
cooled or recovered from frozen ovaries for IVP test. Using
this strategy, similar responses to those obtained from freshly
recovered oocytes were observed when incubation was
performed in mTBM. Bovine oocytes harvested from ovariesTable 1





Cooled (5 1C for 48 h) mTBM
BTS
From frozen ovaries (20 1C) mTBM
BTS
a Rates presenting distinct superscripts differ by at least Po0.0001.
b Rates presenting distinct superscripts differ by at least Po0.0001.
c Rates presenting distinct superscripts differ by at least Po0.0001.
Fig. 1. Number of boar spermatozoa penetrating in homologous oocytes acco
a,b,c Numbers presenting distinct supercripts differ by at least Po0.0001.frozen for up to 3 months have been used in the IVP test,
with IVP rate inferior to that observed with fresh oocytes
matured in vitro (Tatemoto et al., 1994), which was observed
in the present study only with incubation in BTS. The use of
cooled oocytes may contribute to simplify the IVP test, since
it would not need to be executed immediately after oocytes
harvesting. Vitriﬁed oocytes may be used for the IVP test
(Macedo et al., 2006, 2010), but the use of oocytes recovered
from frozen ovaries prevents limitations related to the long-
term storage of vitriﬁed oocytes in hyper saturated solutions
that may alter their penetrability by spermatozoa, which
reduces both the IVP rate and the number of spermatozoa
per oocyte (Lynham and Harrison, 1998). Despite the recom-
mendations to use cryoprotectant solutions in the IVP test to
preserve oocytes structures (Holst et al., 2000; Macedo et al.,
2006), no such solutions were used in the present study,
which is in agreement with reports that more than one third
of the human ovaries frozen at 20 1C without cryoprotec-
tants presented follicles with integer oocytes that could be
used for in vitro fertilization (Maltaris et al., 2006). Therefore,
oocytes recovered from frozen ovaries may be stored as raw
material to be used for the IVP test in larger scale and over
longer periods than those currently used. The use of oocytes
recovered from frozen ovaries has a great potential for
further use in assays aimed to estimate potential male
fertility in vitro, which should be determined by future
research.ologous oocytes according to distinct methods of oocytes processing and
IVP (%) Polyspermy (%)
83.0 (1494/1800)a 71.6 (1069/1494)a
70.4 (1267/1800)b 52.8 (669/1267)b
80.3 (1445/1800)a 72.2 (1044/1445)a
53.3 (959/1800)c 43.1 (414/959)c
84.0 (1512/1800)a 74.5 (1126/1512)a
54.5 (981/1800)c 43.0 (422/981)c
rding to distinct methods of oocytes processing and incubation media.
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6 h were similar to those reported by Zhao et al. (2002),
regardless of the method of oocytes conditioning, using a
conventional CO2 incubator. The results of the present study
indicate that CO2 incubators may be unnecessary for the IVP
test, as also reported elsewhere (Corcini et al., 2012a;
Macedo et al., 2006, 2010). The greater IVP and polyspermy
rates and number of spermatozoa per oocyte observed with
mTBM than with BTS may be attributed to the high calcium
concentration in the mTBM, which originally contained
0.11% (or 7.5 mM) calcium chloride (Abeydeera and Day,
1997) and was further supplemented with 1.1 mg/mL
calcium lactate, whereas BTS does not include calcium
chloride (Pursel and Johnson, 1975). That high calcium
concentration likely favored calcium inﬂux, which is neces-
sary for the acrosome reaction during incubation. Even
though mTBM does not include sodium bicarbonate, which
is present in BTS, such chemical does not inﬂuence the
activation of the adenylate cyclase (Abeydeera and Day,
1997), which is responsible for the capacitation of swine
spermatozoa. Nonetheless, sodium bicarbonate may have
negatively inﬂuenced the evaluated responses by increasing
sperm agglutination (Harayama et al., 1999), which may
reduce the number of spermatozoa available for fertiliza-
tion. Despite such ﬁndings, the IVP rate observed with
incubation in BTS can be considered acceptable (Gadea
et al., 1998). That may have resulted from the enrichment
of BTS with BSA and caffeine (Gil et al., 2004), since BSA is
responsible for thinning the plasma membrane of
spermatozoa by removing cholesterol, whereas caffeine
inhibits the phosphodiesterase, allowing an increase of
cyclic AMP, which promotes sperm hyper-activation.
The reduced IVP rate observed with BTS in both T2 and T3
may have occurred because of structural changes in the
N-acetylglucosamine terminals due to the reaction between
CO2 and the medium, which alters the 55Ka and 55Kb
binding glycoproteins, preventing the correct spermatozoa–
oocyte interaction (Berger et al., 1989).
In in vitro fertilization assays, when spermatozoa
concentration is reduced, oocytes penetration by multiple
spermatozoa decreases but overall penetration rates
decrease as well (Abeydeera and Day, 1997). In the
present study, with the same spermatozoa concentration
for the two tested incubation media (1106/mL), poly-
spermy was reduced with incubation in BTS, which
justiﬁes further research testing BTS as an alternative
incubation medium. However, reduced polyspermy in
swine may have negative effects for subsequent repro-
ductive performance, since polyspermy in IVP assays
(expressed by the number of accessory spermatozoa
bound to the zona pellucida) has been positively corre-
lated with total litter size of sows, when fecundation
occurred in vivo (Braudmeier et al., 2004; Gadea et al.,
1998). Nevertheless, in the study of Gadea et al. (1998),
gametes were co-incubated for 16–18 h. Thus, if incuba-
tion is performed in BTS during the same period, it is
possible that polyspermy and the number of spermatozoa
per oocyte can be greater than those observed in the
present study.
As also observed with other tests aimed to estimate
fertility in vitro, the IVP test is prone to individual variationattributed to the boars used as sperm donors (Macedo
et al., 2006, 2010; Popwell and Flowers, 2004). Therefore,
some of the reported responses might vary if boars are
evaluated individually. However, the effects of the methods
of oocytes conditioning and incubation media observed in
the present study were not inﬂuenced by the effect of the
boars because potential individual effects were diluted
due to the use of distinct pooled sperm samples each
week. As a total of 28 boars were used as sperm donors,
the responses observed in the present study considered a
broader range of boars in comparison with studies aimed
to estimate individual boar fertility, that commonly
include only 3–5 boars (Corcini et al., 2012b; Pen˜a et al.,
2006; Saravia et al., 2009).
5. Conclusions
Swine oocytes that were either cooled or harvested
from frozen ovaries can be penetrated in vitro by homo-
logous spermatozoa as efﬁciently as freshly recovered
oocytes, when incubated in mTBM. Although incubation
can also be done in BTS, a medium widely available at
swine AI studs, acceptable in vitro penetration rates can
only be achieved using freshly recovered oocytes and
responses are generally lower than those observed with
incubation in mTBM.
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